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SUMMARY

A method for the capillary decomposition of explosives and subsecuent analysis
by cither vapor-phase chromatography or the combination of thin-layer chromato-
graphy and visible spectrometry is described. The utility of the method is illustrated
with the isothermal decomposition of liquid 2,4,6-trinitrotoluene at 2607,

INTRODUCTION

\We recently reported @ method for measuring the extent of the thermal de-
compuosition of explosive compounds based on the analysis of residual explosive after
a specified heating time by a combination of thin-layer chromatography (T1.C) and
visible spectrometry!. The method consisted of accurately weighing o.1 to 0.2 g of
the explosive into o 10-ml pyrex glass tube, which was then evacuated and sealed
prior to heating. Analysis of residual explosive was accomplished by dissolving or
extracting the contents of the opened tube into a known volume of solvent and
spotting aliquots of this solution on TLC plates. After development, zones containing
the explosive were extracted and analvzed spectrophotometrically as their ethyl-
enedinmine complexes in dimethyl sulfoxide solution®, More recently, this work has
been extended to include analysis of nitro compounds by vapor-phase chromato-
graphy (VIPC) with the extremely sensitive nickel-603 electron capture detector?®,

The decomposition of an explosive in a sealed capillary and its subsequent work-
up in the simple apparatus described offers & new technique which not only uses much
less explosive and hence is safer, but in addition, employvs fewer steps and is more
rapid as well as potentially more accurate. Furthermore, the capillary technique
offers the opportunity to observe interactions of various substances with an explosive
on a very small scale. We wish now to describe this technique and the apparatus used.
As an illustrative example, the high-temperature isothermal decomposition of 2,4,6-
trinitrotoluene («¢-I'NT) as a function of time is given.

ENDPERIMENTAL

A pparatus for breaking and extracting contents of capillarics
The apparatus as shown in IVig. 1 consisted of a No, 4 standard tapered Pyrex
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stop-cock located between two segments of 1o mm O, Pyrex tubing. The bot-
tom segment was approximately 45 mm long and sealed at the end. The top seg-
ment was also approximately 45 mm long and fitted with a standard tapered 10/30
glass stopper. In addition, the top segment was calibrated in millimeters for a dis-
tance of 25 mm above the stop-cock. The overall length of both segments through the
stop-cock was 108 mm. The stop-cock was lightly lubricated with Dow Corning
high-vacuum grease and held tightly in place by a spring clip. In practice it was found
best to calibrate the apparatus by pipetting exactly 2 ml of solvent into the dry
apparatus and noting the volume on the calibrated scale portion, Subsequent volumes
were then adjusted to this mark by simple addition of solvent.

Capillary tubes
The capillary tubes used were Kimas-51 brand with 1.0 ¢ 1.8 2 go mm di-
mensions. The tubes were used as received and were sealed after sample introduction

with a CRC miniature “flamidget’” butanc/oxygen welding torch. The capillaries

Fig. 1. Apparatus for breaking scaled capillaries under solvent.
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could also be evacuated prior to scaling by means of an 1/8 in. ultra-torr to 1/4 in.
stainless-steel adapter connected to a vacuum pump.

Vapor-phase chromatography of o-T'NT

The following conditions were found to be optimum for the quantitative
analysis of e~ TNT with 1,2-dinitrobenzene as internal standard (18): A 4 ft. < 1/4 in.
glass column packed with 2.53 94 Apiczon M on Diatoport-S 60/8o mesh; carrier gas,
Ar-C Il, (95:5): flow rate, 67 ml/min; purge rate, 108 ml/min; column temperature,
165°; injection port temperature, 195°: Ni-063 detector temperature, 280°; pulse
interval, 150 psec; attenuation, < 4o. With these conditions, the retention time for
- I'NT was found to be 0.71 min, and 1.67 min for 1,2-dinitrobenzene, both measured
from the solvent—pressure peak. Typical responses for a 1-g1 injection of a mixture of
1.78 = 10 g/pl o INT and 1.26 X 10-'0 g/ul 1,2-dinitrobenzence in benzene (MCIB,
specially purified for work with electron capture detectors) were found to be 152 and
135 mm for the peak heights, respectivelys.

1 isible spectrometry (Cary 1G spectropliotometer)

Visible spectrometry vielded the following extinction coefficients (&) (1) 1,4~
dipicrylbenzene, Amax. = 438 nm: & = 633500 in ethylenediamine (EDA)-dimethyl
sulfoxide (DMSO) (0.1:0.9): (2) a-INT, Znmux, = 464 nm: & == 23200 in EDA-DMSO
(8:2) and «~TNT, Anax, = 400.7 nm: ¢ == 21000 in EDA-CHOH (5:5): (3) 1,3-di-
amino-2,4,0-trinitrobenzene, Amax, == 331.5 nm: g == 18 750 in DMSO,

Solivents for TLC development

RBenzene-hexane (r:1) was used for «-TNT (Rp 0.45), while benzene-ethyl
acetate-hexane-pentane (45:5:5:35) was used for 1,4-dipicrylbenzene (Rp 0.63) and
1.;;-(li:unino-z.4.0-trinitmbcn/,enc (Rpr 0.40).

Preparation of TLC plates

Thirty grams of Silica Gel HF g5, (Brinkman) were vigorously slurried for 2 min
in 65 ml of distilled water in a 300-ml erlenmeyer flask and spread on to eléven to
twelve TLC plates with a Camag applicator. The plates were air dried at ambient
temperatures for 3 to 4 I, then dried at 110°in an oven for 1.5 h. The dried plates were
stored at room temperature in a closed container.

RESULTS AND DISCUSSION

Capillary method of analysis

To test the feasibility of the capillary method for the decomposition of explo-
sives, several explosives were weighed into capillaries; the capillaries were evacuated,
sealed and finally crushed under solvent in the apparatus shown in Tig, 1. Care was
taken in loading and weighing capillaries to avoid any contamination due to handling.
Nylon gloves were preferred when handling capillaries. Capillaries could also be
wuglwcl accurately by carefully wiping the outside of the tubes with a clean tis-
sue after loading. Tive upeuted weighings of a single capillary gave on the average
0.1840309 4 0.0000006 g, which represents a potential crror of only about o.1 5 for
a 6-mg sample weighed into the capillary.
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The loaded capillary was placed in the apparatus with.z ml of solvent (acetone
for «-TNT and 1,g4-dipicrylbenzene; DMSO for 1,3-diamino-2,4,0-trinitrobenzenc).
The capillary was then thoroughly crushed by turning the stop-cock back and forth,
and the contents were extracted by vigorously shaking the crushed picces in the
stoppered apparatus, Analvses of these solutions were made cither spectrophoto-
metrically or by VPC by tuking aliquots of the 2-ml solution and diluting to 1o ml
in the appropriate solvent, The recoveries based on these analysis are shown in
Table I.

As seen from the data in Table [, the average pereentage recovery based cither
on visible spectrometry or VPC is 99.8 = 1.5 %, Calculations of the weight, g, in
grams of miterial in the capillary by spectrophotometric analysis were made from
the following expression: ‘

v (OLD) e o INLWD /1T 2 002,

where O.D., &, and M, W, are the experimental optical density, extinction coefficient,
and molecularweight of the compound being determined, and 7 is the aliquot volume
in milliliters of the solution (total volume, 2 ml) diluted to o final volume of 10 ml,
Calculations of the weight, g, in grams of the «-TNT in capillaries by VPC analysis
were made from the following expression:
¢ il gy ® Caag < 2/17,

where gy and Cyyy represent the chromatographic peak height and the concentration
of standard (std) in grams per 1o ml, respectively, and 17 is the aliquot volume in
mililiters of the accetone solution (total volume, 2 ml) diluted to 1o ml. nhy is the

normalized sample (x) peak heights for the same amount of internal standard (1S)
in both sumple and standard solutions, and is expressed by the expression:

why = pelys(8) /e his(std) o hgs(std) flas(x) o hg

TADBLE T

RECOVERIES OF IKNOWN QUANTITIES OF ENPFLOSIVES IN SEALED CAPILLARIES BASED ON SPECTRO-
PHOTOMETRIC AND VPC ANALYSES

Compotnd Actvnal weight  WWeight Method of anal vsis 0y Recovery
fncapiltlary Sownd?
(mg)n

1,4-Dipicrylbenzene (K 0,24 Spectrophotometrye 100, 3

1,3-Diiunino-2,4,6-

trinitrobenzene 3-54 3.48 Spuectrophotometry! a8 3

2 INT 618 .00 \N1PC T

430 440! NI 1023

# \Weighed into capillars by ditference on v Mettler micrograme-atic bilance,
b After crushing and estracting contents of capillinry into 2 ml solvent in apparatus.
Cegs el diluted to 1o mlin DMSO-EDA, .00 Q.0 = 0.5930 it 458 nm,

4 a5 gl diluted to 1o mlin DMSO: O.D. = 0.3350 at 331.5 nm,

¢ 6 pldiluted to 1o mlbin benzene and 35 gl of 3.00 20 to-8 u/nl 1, 2-dinitrobenzene added as
1S, 1 26 of this solution gave the following 15/x-I'NT" peitle heights: 135.0/155.6 (simple), and
135.0/152.0 (standird ;- see BXPERIMENTAL {or standird concentritions). .

t 8l diluted and treated as described in the above footnoter. 1+l of diluted. solution gave
the following IS/o"I'NT peide heights: 127 /133.0 (siumple), and t21.0/133.0 (standared).
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T hermal deconposition of e T"NT" in capillarics

The thermal decomposition of liquid e«-TNT at 200~ was measured as a function
of time by the capillary ‘method described. Capillaries were loaded with 4 to 6 mg
of - I'NT, evacuated, scaled and placed. in an open ro-ml test tube in a small heating
block which could be maintained within 0.3 of 260~ By actual mecasurement,
the time for capillary heat-up to 260° was 3 min. Analyses of the residual «-TNT
at o specific time were accomplished by both VPC and the combination of TILC and
visible spectrometry. In the latter case, 23-pl aliquots of the extracted residue in
2 ml of acetone solution were developed on TLC plates, and the separated «-TNT
zones were made visible under 2537 & UV light, scraped off, extracted and analyzed
spectrophotometrically as previously described!, These results are shown in Table II,

The agreement between the two methocs is excellent and indicates that the
o= I'NT decomposition by-products do not interfere with the VPC analysis of «~T'NT,
At least five decomposition products in addition to residual «- TN were observed
on TLC plates under UV light, One product, the 4,6-dinitroanthranil, corresponds to
the product previously isolated by DacoNs of al. of this laboratoryt. The overall ac-
curacy by the capillary method of analvsis of residual e-I'N'I either by VPC chro-
matography or by the combination of TLC and visible spectrometry is between

'

1 and 2",
TARLE 1T

THERMAL DECOMPOSITION OF LIQUID o TNT AT 2007 1N SEALED CAPILLARIES

Time (nin)

Initial - UNT Residual 2-T'"N T i capillary (ing) v, Decomposition
in capillary = - (botle mmethod s)

(eng) 1"rc Spectrophoto-
metry
to 4.59 4700 4.50 45108 6.3 4 1.0
15 400 4470 4.52 gt 1oL - 10
20 517 4338 423 7.4 L 10
30 5.3+ 302 302t 324 ko
35 .30 4.1 00 KRR 5.5 Lk to
3$oO 5.01 [ENENE Q0,46 Sz kol

v Anilyzed in EDA-DMSO (8:2).

b Analyzed in EDA-CHLOH (5:5). Methanol was chosen for estraction and subscequent anal-
ysis since extraction ol eUND from o new Jot of Silica Gel FIFy., TLC plates led to a purple
coloration before addition of EDAD Subscequent addition of DA and analysis led to low values
for =2 I'N°I"
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